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Abstract 
Introduction: Recruitment is an important aspect of clinical research, as poor recruitment could undermine the scien- 
tific value of a trial or delay the development process of new treatments. The development of electronic medical records 
provides a new way to identify potential participants for trials by matching the eligibility criteria with patients’ data within 
electronic medical records. 
Methods: A literature search was performed to examine the effectiveness and efficiency of the electronic medical 
record recruitment method using MEDLINE, PubMed, PubMed Central, CINAHL Plus with Full Text, ScienceDirect and 
Cochrane Library databases. These searches generated 11 articles that met the eligibility criteria, and handsearching ref- 
erence lists generated two additional articles bringing the total number of articles to 13. These articles were subjected 
to critical appraisal utilising the Effective Public Health Practice Project tool. 
Results: Out of the 13 included articles, 11 provided quantitative data on recruitment effectiveness while 7 articles pro- 
vided quantitative data on recruitment efficiency. The automation in screening and patient identification by using alerts, a 
notification system, to notify research staff of a potential participant, was observed to contribute to higher recruitment 
yield and reduced workload due to its specificity on participant screening. The use of electronic medical record alerts 
was found to be associated with better recruitment outcomes when they were sent to dedicated research staff rather 
than physicians. Using electronic medical records for recruitment was found to be effective due to its capability for 
patient identification outside working hours and fast processing time, which was particularly useful for clinical trials in 
acute conditions. Several challenges may hinder the impact of the electronic medical record recruitment method, includ- 
ing the lack of conformity of clinical trial eligibility criteria and electronic medical record data structure and missing data. 
‘Alert fatigue’ could also impact on the effectiveness of this method in the long term. 
Conclusion: The results from this review supports electronic medical record being an effective and efficient method 
for clinical trial recruitment. Recommendations were made in order to maximise the potential of the electronic medical 
record recruitment method and also for future research in order to improve the quality of evidence to support this 
strategy for recruitment. 
 
Keywords 
Electronic medical record, recruitment, clinical research, clinical trial, electronic health record 
 
 
Introduction 
Clinical research plays an important role in advancing 
medical knowledge, including the development of new 
treatments by forming the evidence base for safety and 
therapeutic efficacy.1 The success of trials depends on 
several factors such as trial design, project planning, 
training of research staff and on having a sufficient 
sample size, with recruitment of participants in a timely 
manner2 and good participant retention.3 
Recruitment of participants to trials has been 
reported to be one of the main barriers to their 
 
completion.4 Only 31.1% of trials funded by the United 
Kingdom Medical Research Council managed to reach 
 
1School of Health and Social Care, Edinburgh Napier University, 
Edinburgh, UK 
2Research Clinic, Singapore Eye Research Institute, Singapore, Singapore 
3KK Research Centre, KK Women’s and Children’s Hospital, Singapore, 
Singapore 
 
Corresponding author: 
Yan See Lai, KK Research Centre, KK Women’s and Children’s Hospital, 
100 Bukit Timah Road, 229899 Singapore. 
Email: yanseelai@gmail.com 
CLINICAL 
TRIALS 
2 Clinical Trials 00(0) 
 
 
their original recruitment targets, and 54% of these 
requested for an extension of timelines.5 As recruitment 
of trial participants could incur large costs,6 the costs of 
developing the drug could also be increased due to poor 
recruitment of participants. This significant economic 
impact was demonstrated in a phase IIb breast cancer 
prevention clinical trial at one site in the United States, 
which reported that the costs of recruiting 150 partici- 
pants though internal referrals as well as advertisements 
was US$164,585.7 In clinical research recruitment, 
advertisements have been associated with higher costs 
than other methods like direct mailing or referrals.8,9 
There are several barriers or challenges in the recruit- 
ment of participants to clinical research. One of the 
commonly reported barriers is the lack of access to the 
target group for the clinical trial.10 Another challenge 
that is commonly cited is the difficulty in identifying 
participants who fulfil all the inclusion and exclusion 
criteria of the trial.11 
Traditionally, many trials have relied on physicians’ 
referral for recruitment of participants.12 Approaches 
to enhance this recruitment method include screening 
patients’ medical records and reminding clinicians 
about the trial.13 Advertisements to improve clinical 
research recruitment can be delivered in a variety of 
ways (e.g. posters, newspapers, radio), although the 
effectiveness of this method is debatable.14–16 A 
Cochrane review of interventions to improve trial 
recruitment revealed that improvements in recruitment 
rates were seen when the design of the trial was open 
label as compared with blinded and by making tele- 
phone reminders to potential participants if they did 
not respond to a postal invitation.17 However, it is not 
always possible to modify the trial design, as this could 
impact its scientific integrity, and it is uncertain if the 
telephone reminders will work in all trials. With 
advances in technology, there is a need to evaluate new 
methods of recruitment to determine their effectiveness. 
Increasing numbers of healthcare institutions in dif- 
ferent countries have started using electronic medical 
records, also known as electronic health records, to 
store patients’ medical information.18,19 Electronic 
medical records, due to their richness and structure, can 
provide data for the conduct of clinical research.20,21 In 
addition, they can also be utilised to match and shortlist 
patients who might be potentially eligible to join clinical 
studies.22 
There are a few reviews published in the literature 
on electronic medical record–enhanced recruitment. 
Cuggia et al.23 concluded that electronic medical record 
systems are most effective in enhancing recruitment 
when implemented in the pre-screening phase. Another 
review by Ko¨ pcke and Prokosch24 focused more on the 
components of the electronic medical records that 
might be utilised for recruitment purposes and with 
only limited information on the impact of this method 
on recruitment. This review aims to provide a more 
comprehensive and updated review of the impact of 
electronic medical records on clinical research recruit- 
ment with a focus on its effectiveness and efficiency. 
The effectiveness of the recruitment method will be 
considered both in terms of the number of potential 
patients being identified and the number of patients 
enrolled in the trial. The efficiency of the recruitment 
methods will be considered in terms of the time and 
effort required to perform the recruitment activities. 
 
Methods 
Table 1 details the literature searches conducted using 
MEDLINE, PubMed, PubMed Central, CINAHL Plus 
with Full Text, ScienceDirect and Cochrane Library 
databases. A two-step screening approach was utilised 
to assess the eligibility of the literature (Figure 1.) 
Peer-reviewed quantitative research articles were 
included if they measured the impact of using electronic 
medical records for clinical research recruitment. 
Specifically, only if they measured the number of parti- 
cipants identified or recruited and clearly specified the 
time or manpower spent on the recruitment process. 
Another inclusion criteria was that articles had to be 
written in English and published between 2007 and 
2017. Articles were excluded if they involved hypotheti- 
cal generation of data (e.g. modelling studies), as these 
do not reflect the actual impact of electronic medical 
record recruitment methods. In addition, articles were 
excluded if they did not measure the specific impact of 
electronic medical record recruitment (e.g. when used 
in combination with other recruitment methods) or 
articles that measured the electronic medical record 
recruitment method without a  comparator  or  control 
as the actual impact could not be compared with other 
recruitment methods. 
The Effective Public Health Practice Project was 
used to assess the quality of the articles which provided 
a standardised and systematic method in evaluating the 
quality of research studies.25 
 
Results 
The literature search was conducted using a variety of 
search terms in six scientific databases and yielded a 
total of 1773 results and 11 articles that met the eligibil- 
ity criteria. 
In addition, the reference lists of the 11 included arti- 
cles, as well as those from the Ko¨ pcke and Prokosch24 
review were handsearched for articles which also ful- 
filled the eligibility criteria. Two additional articles were 
identified from this method, providing a total of 13 arti- 
cles for this review.26–38 The overall process of this liter- 
ature search and article identification is illustrated in 
Figure 1. 
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Table 1. Details of literature searches and the number of articles included articles identified. 
 
Search number Database Search terms Number of 
results 
 
Number of 
articles 
after filtering 
of article titles 
(Step 1) 
 
Number of 
included articles 
after filtering 
their Full Text 
from Step 1 
(final) 
 
 
 
1 MEDLINE (clinical trial) AND (recruitment) 
AND (EMR) 
2 MEDLINE (clinical trial) AND (recruitment) 
AND (electronic health records) 
3 MEDLINE (clinical trial*) AND (recruit*) 
AND (participant*) AND (system) 
4 MEDLINE (clinical trial*) AND (recruitment) 
AND (strategies) 
5 PubMed (clinical trial*) AND (selection) 
AND (electronic health records) 
6 PubMed (clinical trial) AND (recruitment) 
AND (alert*) 
7 PubMed (clinical trial) AND (recruitment) 
AND (automat*) 
5 3 2 
 
27 7 0 
 
302 9 1 
 
251 37 1 
 
123 16 3 
 
26 11 1 
 
106 19 1 
8 CINAHL Plus 
with Full Text 
(clinical trial) AND (patient) AND 
(recruitment) AND (system) 
159 23 0 
9 PubMed Central (clinical trial) AND (recruitment) 
AND (EMR) 
413a 22 2 
5 0 
 
7 0 
 
9 0 
 
1 0 
 
 
aAs the option of filtering articles based on language was not available in PubMed Central, ScienceDirect, and Cochrane Library, the English language 
limit was not applied for searches 9, 10, 11, 12 and 13. 
bAn additional limit of ‘clinical trials as topic’ was applied due to a large number of search results of 4768 and 9716 in searches 10 and 11, 
respectively. 
cThe keywords were searched in ‘Title, Abstract, Keywords’ due to a large number of search results when searching the keywords using ‘Search All 
Text’, which yielded 2674 and 3867 results in searches 12 and 13, respectively. 
 
 
The characteristics of the included articles are pre- 
sented in Table S1 in the online supplementary materi- 
als. All included articles presented data from 
recruitment in the United States, except Treweek  et 
al.26 and Dugas et al.,33 which were conducted in 
Scotland and Germany, respectively. Among the 
included articles, there were greater representation of 
diabetes trials, followed by cardiology and oncology 
trials. In addition, only Rollman et al.,27 Dugas et al.33 
and Penberthy et al.36 featured more than one clinical 
study in their data collection in the assessment of the 
impact of the electronic medical record recruitment 
method. 
Only four out of the 13 included articles compared 
the characteristics of participants between the various 
recruitment methods. In the study by Rollman et al.,27 
participants that were recruited by the electronic medi- 
cal record recruitment method were more likely to have 
higher  levels  of  anxiety  and  more  likely  to  be non- 
 
White and male. In a study by Johnson et al.,35 the 
electronic medical record method were more likely to 
recruit older participants, with lower body mass index 
and waist circumference. It was also noted by Johnson 
et al.35 that majority of the ethnic minority partici- 
pants, as well as all of the 3% of female participants 
were recruited from electronic medical record method. 
Schroy et al.29 and Herasevich et al.32 did not detect  
any major differences between the characteristics of 
participants recruited by different methods. 
The comparison methods presented in the included 
studies mostly consists of manual identification of par- 
ticipants, through a variety of methods including refer- 
rals, chart reviews and advertisements. Participant 
identification via automated electronic medical record 
screening were utilised in all studies, but their execution 
varied widely, with the most common one being an 
alert system, notifying the staff of an appointment or 
admission or during an encounter of a potential 
10 ScienceDirect (clinical trial*) AND (recruitment) 123a,b 
  AND (electronic medical record*) 
11 ScienceDirect (clinical trial*) AND (enrol*) AND 151a,b 
  (electronic health record*) 
12 Cochrane Library (clinical trial) AND (electronic medical 39a,c 
  records) AND (recruitment) 
13 Cochrane Library (clinical trial*) AND (recruit*) 48a,c 
  AND (system) 
 
4 Clinical Trials 00(0) 
 
Step 1 
Filtering of article titles 
based on relevance and     
publication types (e.g. 
excluding qualitative articles 
and literature reviews) 
   
Handsearching 
of references 
291 references + 132 
references from Köpcke 
& Prokosch (2014) 
11 articles 
1,773 results from database searches 
using key words 
13 articles for review 
2 articles 
158 results excluded 
1,604 results 
excluded 
 
 
 
 
 
 
 
 
 
 
 
169 results 
  
Step 2 
Filtering through full text 
for all eligibility criteria 
and removal of 
duplicates 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Flow chart of literature search and identification of articles. 
 
participant, while others used mailings or calls to con- 
tact potential participants after they were identified 
from their electronic medical records. 
Of the 13 articles included, 7 utilised an alert system. 
The alerts  in  studies  of  Treweek  et  al.,26  Rollman  
et al.27 and Schroy et al.29 provided a prompt on the 
computer screen which allowed the user to respond by 
clicking buttons or hyperlinks to generate referrals.  
The alerts in studies of Weng et al.31 and Dugas et al.33 
were sent via emails, which contained hyperlinks, to the 
research team to allow them to log in to the system to 
check the participants’ eligibility. Herasevich et al.32 
and Cardozo et al.38 had the alerts sent via their respec- 
tive institutional paging system. However, no details 
were provided on the method or interface which these 
alerts were sent. In addition, these alerts were sent to 
different groups of staff. In studies of Treweek et al.,26 
Rollman et al.27 and Dugas et al.,33 the alerts were sent 
to physicians. For Weng et al.31 and Herasevich  et  
al.,32 the alerts were sent to research coordinators, and 
the alerts in studies of Cardozo et al.38 were sent to 
investigators. The Click method by Schroy et al.29 
stated that the alerts were sent to the research team 
without specifying their roles. 
All eligible literature articles from the search were 
subjected to quality appraisal by two reviewers using 
the Effective Public Health Practice Project tool 
(Appendix 1 and Appendix 2 in the online supplemen- 
tary materials).25,39 This was done independently and 
then discrepancies in the ratings between the reviewers 
were discussed before reaching a final decision. The 
final scores are attached in Appendix 3 in the supple- 
mental materials. 
Due to the nature of implementation of electronic 
medical record referral, which required major changes 
to recruitment workflow, most of the studies were 
unable to blind the research team during their execu- 
tion, and this had a significant impact on the quality 
rating. The only article which managed to do so was 
Cardozo et al.,38 where the recruitment team were able 
to remain blinded, as the source of referrals from either 
physicians or electronic medical records were masked 
Lai and Afseth 5 
 
 
from them. As a result, other than Cardozo et al.,38 
seven articles were rated as moderate quality, and five 
articles were rated as weak quality. 
All articles presented quantitative data on recruit- 
ment effectiveness. However, only seven articles had 
presented quantitative data on recruitment efficiency. 
These findings were also summarised in Table 2. 
Of the 11 studies which provided data with regards 
to recruitment outcomes, eight indicated an increase in 
the number of actual recruited participants or an 
increase in the number of potential participants identi- 
fied with the electronic medical record recruitment 
strategy. Two articles, Treweek et al.26 and Dugas et 
al.,33 reported mixed outcomes with increased recruit- 
ment or identification of participants only in some  
parts of their data. In contrast to the other articles, 
Rollman et al.27 reported a lower number of partici- 
pants enrolled as compared to manual  identification 
via recruiters. 
Recruitment was also observed to be higher in stud- 
ies which had utilised an alert system, as compared to 
studies which did not. In a study by Effoe et al.,28 the 
electronic medical record method had a lower yield 
(22.4%) than physician referral (27.5%). Although not 
explicitly specified, in the study by Johnson et al.,35 tar- 
geted mailing only had a recruitment yield of 2.5% (69 
of 2,764) from the electronic medical record screening 
as compared with a yield of 16.39% (20 of 122) from 
other recruitment methods. This was in contrast to  
those studies which had utilised an alert system as seen 
in previous studies.27,32,38 In the study by Rollman et 
al.,27 the electronic medical record recruitment enrolled 
4.86% (176 of 3621) of those screened as compared  
with 2.38% (193 of 8095) of those screened via manual 
screening. In the study by Herasevich et al.,32 the num- 
ber patients enrolled per month doubled after the 
implementation of automatic electronic medical records 
screening with alerts (p \ 0.05), with similar numbers 
of patients screened before and after the implementa- 
tion. In a study by Cardozo et al.,38 the recruitment 
yield increased from 6% to 86% (p \ 0.0001) when 
alerts were generated from electronic medical records. 
All seven studies that provided data related to work- 
load showed that electronic medical record recruitment 
had generally led to improved efficiency. A reduction in 
the time required for electronic medical record recruit- 
ment was reported by Schmickl et al.,30 Dugas et al.33 
and Beauharnais et al.34 with time savings quantified 
per day or per patient. Efficiency was also quantified  
by requiring lesser manpower in terms of fewer full- 
time employment staff, fewer man hours and fewer 
working days in studies by Rollman et al.,27 Penberthy 
et al.36 and Weng et al.,37 respectively. A faster process- 
ing time to identify a potential patient using electronic 
medical records was also reported by Weng et al.31 
Dugas et al.33 and Penberthy et al.36 both looked at a 
number of clinical trials and while some did not 
demonstrate a saving in time or workload, both authors 
concluded that electronic medical records did result in 
time saving overall. 
Only Schroy et al.29 provided data on the  actual 
costs of the electronic medical record recruitment 
method in comparison with other methods demonstrat- 
ing its cost-effectiveness. The average cost per patient 
enrolled for its Click method with manual screening 
from electronic medical records was US$129, the Letter 
method with manual screening from electronic medical 
records was US$1967, the Call method with manual 
screening from electronic medical records was US$156 
and the IT-Call method with automated screening was 
US$99. 
 
Discussion 
Effectiveness of the electronic medical record 
recruitment method 
This review appears to support that the electronic med- 
ical record recruitment is more effective than other tra- 
ditional methods. In contrast to the review undertaken 
by Ko¨ pcke and Prokosch,24 which only found favour- 
able data for the effectiveness of electronic medical 
record recruitment, this review included additional 
studies which demonstrated some mixed or negative 
findings. The effectiveness of the electronic medical 
record method could be attributed to its ability to tar- 
get specific populations of participants, where it func- 
tions similarly to targeted mailing,40 allowing recruiters 
to focus on those who have a higher chance of being 
eligible and thereby improving the trial’s accrual rate. 
Although electronic medical record screening gener- 
ally increases the number of participants recruited, an 
interesting observation from the results was that studies 
which utilised electronic medical records for merely for 
filtering of potential participants and did not utilise an 
alert system had a lower recruitment yield than those 
which had used an alert system. Therefore, the effec- 
tiveness of the electronic medical record recruitment 
method could be partially attributed to the notification 
capability of the system41 that allows it to prompt phy- 
sicians or other research staff to review the eligibility 
and invite participants in the same setting or within a 
short period of time. 
The effectiveness of the electronic medical record 
recruitment method could also be used to increase in 
capacity and scope of the recruitment. An increase in 
capacity could be linked to its efficiency where poten- 
tial participants were available, but manual labour  
could not keep up with the capacity. In addition, the 
effectiveness of this recruitment method could be 
attributed to its ability to be implemented beyond the 
scope of working hours or for clinical trials that require 
prompt identification, such as acute situations in emer- 
gency departments.42 This was observed in the study by 
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Table 2. Summary of findings of included articles. 
 
Article Summary of findings on recruitment outcomes or 
participant identification outcomes 
 
Treweek et al.26 Number of participants recruited in cohort 1: EMR (2), 
letter (3), clinic (2), practice nurse (5). Number of 
participants recruited in cohort 2: EMR (9), letter (7), 
clinic (2), practice nurse (0) 
Rollman et al.27 Number of participants screened: EMR (3,621), waitroom 
recruiters (8095). Number of participants enrolled: EMR 
(176), waitroom recruiters (193) 
Effoe et al.28 Number of enrolled patients for each method: EMR (160), 
physician referral (66), media (15), community screening 
(3), unknown sources (16). Recruitment yield for each 
method: physician referral (27.5%) followed by EMR 
(22.4%), advertisements (20.5%), community screening 
(13.6%) 
Schroy et al.29 Number of patients identified in 6 months: Click (100), 
Letter (1551), Call (758), IT-Call (10,260). Number of 
patients enrolled in 6 months: Click (12), Letter (17), Call 
(188), IT-Call (98). After excluding ineligible patients, the 
enrolment rates were: Call method (35.4%), Click method 
(16.7%; p = 0.002), Letter method (2.1%; p \ 0.001) 
 
Summary of findings on recruitment 
time or workload 
 
No data 
 
 
 
Number of full-time staff utilised for 
each recruitment method: EMR (1.75), 
waitroom recruitment (3.5) 
No data 
 
 
 
 
No data 
Schmickl et al.30 No data Time savings of 40 min/day (76% of 
pre-screening workload) for 
automated electronic screening 
Weng et al.31 Number of enrolments: EMR alerts (176) in 12 months, 
manual identification through admission lists (7) in 
3 months, manual identification through catheterization 
procedure lists (99) in 10 months 
Herasevich et al.32 Chart review screened 4149 patients in 8 months and 
17 days and enrolled 37 patients. EMR alerts in additional 
to chart review screened 4460 patients in 9 months and 
4 days and enrolled 68 patients. The number of enrolled 
patients per month doubled after EMR alerts 
implementation (p \ 0.05) 
Dugas et al.33 Physicians survey for six studies after EMR alerts 
implementation: three studies reported 40% increase in 
recruitment, three studies reported no change in 
recruitment 
 
 
 
Beauharnais et al.34 Number of patients enrolled: EMR (20), chart review (11). 
Enrolment rate increased from 0.17 to 0.32 participants 
per pre-screening day (p = 0.0001) 
Johnson et al.35 Number of potential participants identified: traditional 
recruitment strategies (122), EMR (2,764). A total of 69 of 
the 89 enrolled patients (77%) were identified via the EMR 
targeted mailing approach 
Estimated processing time for each 
identification: EMR (2 min), admission 
list (15 min), catheterization list 
(15 min) 
No data 
 
 
 
 
Physicians survey for six studies after 
EMR alerts implementation: three 
studies reported an estimated 10 min 
time savings per recruited patient, one 
study reported an estimated 5 min 
time savings per recruited patient, two 
studies reported no change in time 
Total hours spent pre-screening per 
day decreased from 4 h to 2 h after 
EMR recruitment implementation 
No data 
Penberthy et al.36 No data Four of five studies reported man 
hours savings ranging from 1.5 times to 
19.4 times when using the automated 
EMR screening as compared to the 
manual chart review. Only one study 
reported 1.25 times more man hours 
used for automatic screening as 
compared to the manual process 
Weng et al.37 Number of participants enrolled: registry screening (14), 
EMR screening (30) 
 
Cardozo et al.38 A significant increment from 16% to 56% of potentially 
eligible participants was identified after the implementation 
of the EMR screening and alerts (p = 0.0012) with the 
proportion of eligible patients enrolled also increased from 
6% to 86% (p \ 0.0001) 
Number of working days required for 
screening: registry screening (14), EMR 
screening (59) 
No data 
 
 
EMR: electronic medical record. 
Lai and Afseth 7 
 
 
Herasevich et al.,32 where recruitment alerts were gen- 
erated outside office hours to improve the identification 
of potential participants and their eligibility could be 
reviewed earlier, allowing them to be approached 
before interventions were commenced which would 
make them ineligible. 
Interestingly, the articles which sent the alerts to 
physicians had reported mixed or reduced effectiveness 
of the electronic medical record methods as compared 
to the articles which had sent the alerts to research 
coordinators, where all three articles reported an 
improvement in recruitment outcomes. Moreover, there 
was stronger evidence presented in the study by 
Herasevich et al.32 which had utilised inferential statis- 
tics in its analysis, where the number of patients 
enrolled per month doubled (p \ 0.05) after the elec- 
tronic medical record method was being rolled out, fur- 
ther supporting the effectiveness of sending alerts to 
dedicated research staff. This suggests that physicians’ 
clinical workload might have contributed to less 
favourable recruitment outcomes as compared to dedi- 
cated research staff. However, there were no trends 
observed between the methods of executing the alerts 
via a prompt with click interface and those which sent 
periodic emails to recruiters. This could suggest that  
the implementation method did not matter as long as 
the recruiter can receive the notification in time for 
recruitment purposes. 
 
 
Efficiency of the electronic medical record 
recruitment method 
The efficiency of the electronic medical record recruit- 
ment method can be attributed to the reduction in the 
amount of time and workload of the research teams 
during the identification of a potential participant, with 
a higher chance of fulfilling eligibility criteria by the 
elimination of those that were clearly ineligible.43 
Consistent with the literature,44 Schmickl et al.30 was 
able to accurately identify potential participants with 
satisfactory levels of sensitivity and specificity due to 
the level of precision which electronic medical records 
data correlate with the eligibility criteria, resulting in 
low levels of false positives and false negatives. The 
presence of structured elements in the electronic medi- 
cal record allows the data to be matched with similar 
elements in the eligibility criteria for trials.45 These 
structured elements confers an advantage over a regis- 
try search, as seen in the study by Weng et al.,37 where 
although a more sophisticated query system  was 
needed for electronic medical record searches, the num- 
ber of working days required for electronic medical 
record recruitment was lower than the registry method. 
However, the aim for electronic medical record pre- 
screening in terms of sensitivity and specificity can be 
argued to be study specific, for example, if there is a 
very small group of potential participants, it should be 
to minimise false negatives,37,46 which may differ from 
another trial with a large number of potential partici- 
pants. Therefore, in each clinical trial, the main objec- 
tive of implementing the electronic medical record 
recruitment method should be clear, whether it is to 
increase the number of potential participants, or to spe- 
cifically filter out ineligible participants as much as 
possible. 
 
Cost-effectiveness of the electronic medical record 
recruitment method 
The cost analysis of the various methods of recruitment 
by Schroy et al.29 showed that automation in the 
screening process over a 6-month period greatly 
reduced the cost per enrolled patient. This was attrib- 
uted to fixed one-time costs for setting up the system 
for automatic screening. However, there was a reduc- 
tion in variable costs subsequently to contact potential 
participants. Similar to what was discussed previously 
regarding the efficiency of the recruitment system, the 
number of potential participants required to be 
approached or contacted after the automatic screening 
process was smaller than those from manual identifica- 
tion which required lesser manpower and, therefore, 
lower manpower costs for this method. Hypothetical 
costs generated by Beauharnais et al.34 also supported 
this argument where the projected costs for the elec- 
tronic medical record recruitment were much lower 
than the costs for manual chart reviews when the sam- 
ple size was projected at 100. This was due to the 
widening difference in cost between the two groups as 
the sample size increases from 10 to 100. This suggests 
that the automated screening of the electronic medical 
record data would prove to be a cost-effective option 
for larger clinical trials. 
 
Challenges and limitations of electronic medical 
record recruitment method 
As electronic medical records were primarily used in 
the collection of data for healthcare and clinical needs, 
the structure of the data present in these systems might 
not always be compatible with the trials’ eligibility cri- 
teria.45,47 Other than modifying or transforming the 
way in which the eligibility criteria were phrased,48,49 
the compatibility of the electronic medical record data 
structure might have an impact on its usability and 
recruitment effectiveness. Moreover, the completeness 
of data within the electronic medical records might not 
be suitable for recruitment purposes. This was shown in 
a study where a mere 35% of the data in electronic 
medical records were found to be suitable for clinical 
research recruitment.50 This lack of conformity between 
the clinical and research data may also contribute to 
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false positives and negatives, which was reported in the 
study by Schmickl et al.,30 where the discrepancies 
between the structured and unstructured data in the 
electronic medical records led to false positives during 
participant identification. 
Another challenge of the electronic medical record 
recruitment method is the possibility of ‘alert fatigue’, 
where too many alerts may lead to the desensitisation 
of clinicians and eventually results in the alerts being 
ignored.51 This challenge could also be possibly over- 
come by providing the alerts to dedicated research staff 
(e.g. research coordinators) instead of physicians, which 
was also reported to be more effective in achieving 
recruitment targets.52 
 
Limitations of this review 
There were methodological limitations of the included 
studies as seen in their quality appraisal, as no studies 
were randomised controlled trials. In addition, blinding 
was difficult due to the nature of electronic medical 
record recruitment implementation, which could poten- 
tially introduce bias in the results. This, however, was 
similar to the studies included in other reviews of clini- 
cal research recruitment, thereby giving rise to weaker 
evidence.53 In addition, the methods and comparison 
groups as well as the endpoints in each of the included 
articles varied widely which made comparisons across 
various studies difficult for analysis. The lack of infer- 
ential statistics in the results of many of the included 
articles also limits the quality of the evidence, as the 
probability of these results being due to chance could 
not be determined. The representativeness of the popu- 
lation recruited using the electronic medical record 
method also could not be determined, as only 4 of 13 
included studies had reported the demographics of the 
recruited population. 
 
Conclusion and recommendations 
The results collected in this review for recruitment effi- 
ciency generally support electronic medical records 
being an effective recruitment method against other tra- 
ditional recruitment methods, including chart reviews 
and physician referrals, especially when the scope of 
recruitment requires expansion. Recruitment was 
observed to be higher in studies which involves higher 
automation of electronic medical record recruitment by 
using alerts. Better recruitment outcomes were also 
observed when these alerts were sent to dedicated 
research staff rather than physicians, whom might have 
to fulfil both clinical and research roles within the same 
setting. 
In healthcare institutions with established electronic 
medical record systems, the use of these systems could 
potentially be used to support clinical research recruit- 
ment. It should especially be considered in the 
recruitment of patients requiring real-time identifica- 
tion, such as the recruitment of acute cases or those in 
the emergency departments to boost trial enrolment. 
As the electronic medical record systems for clinical 
research recruitment requires higher costs, time in its 
initial set up and little variable costs in its subsequent 
execution, it is recommended that institutions conduct- 
ing multiple trials or those with large participant 
volumes implement this method at their sites. The one- 
time initial start-up costs is cost-efficient by benefitting 
current and future clinical trial recruitment. 
Larger studies, in more geographical locations (par- 
ticularly outwith US region) which include robust sta- 
tistical analysis are needed to help establish the 
effectiveness of electronic medical record recruitment 
method. Although blinding of research staff might be 
challenging to execute, randomisation of the type of 
recruitment being conducted over the pre-determined 
periods of time could possibly improve the methodolo- 
gical rigour. 
Finally, it is to be remembered that clinical research 
recruitment is complex and many interacting factors 
contribute to its success, and the variability of its out- 
come is dependent on the tailoring of these factors. The 
electronic medical record recruitment method is no dif- 
ferent, with varying degrees of automation and differ- 
ent groups of staff being involved various stages of its 
execution. Therefore, it must be fine tuned in order to 
maximise its potential depending on the institution 
workflow and requirements of each trial. 
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